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UNITED  STATES  ABMY  AVIATION  BQAEID 
Fort  Rucker,  Ala'bam 

REPORT  OF  TEST 

PROJECT  NR  AVN  2260 

HEUCOPTER-MOUNTED  3S-11  ANTI-TANK  GUIDED  MI3SI.TE  SYSTEM 
1,  (C)  AUTHORITY, 

a.  Directiye. 


(1)  Letter,  ATDEV-4  1»-71<9V558(C)  (PONov^S),  Heaitx»ct«rs, 
USCONARC,  20  Novem'ber  1958^  subjects  "Test  Directive  for  User  Service 
Test  of  an  Anti-tank  Cuided  Missile  System  (u)." 

(2)  DF,  ATDEV-4,  HeadqLuarters,  USCONARC,  22  January  1959# 
subjects  "User-Service  Test  of  an  Anti-Tank  Guided  Missile  System  (u)," 

(3)  Letter,  AT^EV-l^  471.9VH9(C)  (30  Mar  59),  Headquarters, 

IBCONARC,  30  March  1959,  subject:  "Test  Directive  for  User  Service  Test 

of  an  Anti-tank  Guided  Missile  System  (U)," 

b.  Purpose..  To  determine  if  the  helicopter  is  a suitable  vehicle 
from  which  to  fire  and  control  the  SS-U  missile* 

2*  (U)  REFERENCES, 

a..  Plan  of  Test,  Project  Nr  2011,  "Test  of  SS-11  Anti-Tank  Guided 
Missile  System  (DA  Project  Nr  5I6-O5-OI5)  (U),"  US  Army  Armor  Board,  22 
July  1959. 

b*  Report  of  Test,  Project  Nr  FA  II58  (Supplemental),  "User  Service 
Test  of  French  Anti-Tank  Guided  Missile  System,  SS-IO  (Helicopter-Mounted)," 

US  Army  Artillery  Board,  I9  December  1958. 

c.  First  Partial  Report  of  Project  Nr  2011,  "Test  of  SS-11  Anti- 
Tank  Guided  Missile  System,  Bart  I - Test  of  Basic  Anti-Tank  Guided  Missile 
System  Without  Regard  to  Vehicle  Mount,"  US  Army  Armor  Board,  29  January  i960. 

3.  (C)  BACKGROUND. 

^ a.  In  1958  the  U.S.  Army  Aviation  Boeird  completed  testing  of 
the^S,S-10  Antitank  Guided  Missile  (ATOM)  installed  on  the  H-I3H  Helicopter. 

It  was  concluded  that  the  helicopter-Moyntmd  38-10  system  was  suitable  for 
Array  use.  It  was  recommended  that  it  be  classified  Standard,  Modernization 
Code  B (STDrB),  that  certain  deficiencies  be  corrected  prior  to  procure- 
ment, and  that  organization  and  basis  of  issue  be  determined  by  thf  U.S, 
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Army  Aviation  Schoolo  Stibseqtuant  to  the  service  test  the  Aviation  School 
conducted  troop  tests  of  the  syst-sim  at  Ft.,  RucV^r,  Ala»,  Ft.  Bennlng,  Ga., 
and  Ft.  Knox,  Ky.  Erocuremant  action  on  the  helicopter-mounted  SS-10 
system  vas  held  in  abeyance  xaatil  the  completion  of  the  service  test  of 
the  helicopter-EGunted  SS-11  system.  Seme  of  the  factors  considered  were; 

(1)  Componsnts  cf  the  SS»>10  system  peculiar  to  the  heli- 
copter installation  were  not  in  production.  The  French  do  not  employ 
the  SS»'10  from  aircraft. 

(2)  Ma^nr  redesign  of  the  laxmchers  would  he  necessary  to 
correct  the  deficiencies  noted  during  the  test  (see  paragraph  2b  above). 

(3)  Information  a^milable  on  the  SS-11  system  indicated 
that  it  bad  t^  following  advantages  over  the  SS-10  system  when  considered 
as  a helicopter-mounted  system; 

(a)  In  production  and  in  operational  use  on  hoth 
rotary-  and  fixed-wing  aircraft  in  other  comtries. 

(h)  Maximtxffl  range  of  approximately  3200  meters  compared 
to  the  1500-meter  mximaaj  range  of  the  SS-IO. 

(c)  Maxinrccn  velocity  of  425  m.p.h.  con^ared  to  179 
m.p.h.  for  the  SS-10  wM.ch  wciold  mean  a reduction  of  the  exposure  'time  for 
the  helicopter. 


(d)  A type  of  control  system  more  suitable  for  air 
launching  the  mlssila. 

(e)  A wingspan  of  approximately  10  inches  less  than 
the  SS-10  which  would  allow  a more  comjact  installation. 

h.  The  HU-1  was  selected  as  the  most  suitable  helicopter  for 
mounting  the  SS-11  system.  Factors  considered  were; 

(1)  The  HU-l(  ) Helicopter  is  a standard  item  in  production 
and  will  be  organic  to  many  Army  tactical  units. 

(2)  It  should  accept  a six-»missile  SS-11  uystem  without 
restricting  the  utility  of  the  helicopter  except  for  the.  added  wei^t. 

(3)  The  HU-1  carries  a considerable  payloecd,  has  a low 
noise  level,  and  has  a low  silhouette. 

(4)  The  hig^i  mounting  of  the  main  rotor  would  reduce  or 
eliminate  the  possibility  of  its  severing  the  missile  control  wires. 
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c.  The  Aviatiou  Board  SS-11  project  officer  and  one  other  HU-1 
helicopter  pilot  vere  trained  aa  SS-U  gunners  at  the  US  Army  Infantry 
School,  Fort  Benning,  Georgia. 

d.  Englnearing  testing  of  the  helicopter-mounted  SS-11  ATGM 
system  vas  conducted  hy  the  U.S.  Army  Rocket  and 

S aW,  daring  th.  jerlod  3 Bncejtor  W9  tteoagn 

24  March  I960.  Thirty-five  SS-n  missiles  vere  fired  from  the  OT-1 
helicopter  during  the  engineering  test.  The  Aviation  B^rd  provided  the 
helico^r  and  crew,  including  gunners,  for  the  tests  at  Redstone  Arsenal. 

L I3ESCRIPTI0N  OP  MATERlELo'^*  The  SS-11  ATGM  system  vas_  instelled 
on  an  HU-l‘ hellcopier  Ballast  vas  required  in  this  instal- 

lation (-6ee^Te8t^-No-.'7->-'a0^naix  AO^  'There  is 

that  ballast  will  not  he  required  In  prodiwtlon  ^5®®  ^ 

the  heUcopter-Bounted  SS-11  ATOM  system  which  are  identical  wUh  those 
of  the  ground  systems  are  not  described  in  detail  in  this  report.) 

-a>-  Six  missile  launchers  (three  on  each  side,  mounted  on  horizontal 
booms)  were  installed  on  the  helicopter.  The  launc^rs  can  be  Jettisoned 
from  the  helicopter  individually  or  simultaneously  in  an  emergency,  ^e 
launcher  booms  can  be  readily  removed  or  folded  vertically  to  the  stowed 

position  (jee  figure  a) . ■ 

b.  The  gunner's  controls  were  Installed  on  the  copilot's  side 
of  the  cockpit  without  removing  the  fli^t  controls.  Tto  control  box 
was  mounted  on  the  pedestal  between  the  pilot  s and  copilot  s seats 
in  a position  convenient  to  the  gunncr^Uee  figure  3)*  I^ems  on  this 
control  box  vere:  ^ 

(1)  A voltmeter  for  checking  the  supply  voltage. 

(2)  A switch  for  remote  operation  of  the  signal  generator. 

(3)  A rotary-selection  switch  for  selecting  the  desired 
missile  for  firing. 

(4)  A firing  button  to  fire  the  selected  missile. 

(5)  A switch  to  jettison  the  control  wires  from  the 
laumcher  after  the  missile  reaches  the  target. 

(6)  A switch  to  jettison  the  individual  launcher  selected 
on  the  rotary. selection  switch. 

(7)  A switch  to  jettison  all  launchers  simultaneously. 
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c.  The  gunner's  missile  control  stick  and  the  si^t  were  located 
on  a pole  mounted  on  the  front  of  his  veat  (see  figure  4).  The  si^t  used 
■wap  one  developed  hy  the  IMiversity  of  Rochester  for  the  P-6l  "BDack  Widow" 
night  fighter-  It  consisted  of  eight -power  binoculars  mounted  in  a frame 
and  isolat  i from  the  helicopter  vibrations  in  the  horizontal  plane  by  two 
dampers  wh  'h  employed  a rubber  diaphragm  in  a thin  cylinder.  Vertical 
vibrations  induced  to  the  sight  by  the  helicopter  were  reduced  to  an  accept- 
able level  by  mounting  the  sl^t  on  foiur  vibration  dampers . The  mount  for 
the  sight  and  the  control  stick  was  fabricated  and  installed  at  the  Aviation 
Board.  A standard  Mark  8 aircraft  gunsi^t  was  installed  on  the  pilot's 
side  (see  figtrre  5)«  The  pilot’s  sij^t  and  the  gunner's  binoculars  were 
aligned  to  enable  the  pilot  to  keep  the  target  in  the  gunner's  binoculars, 

d.  A heading  control  system  for  the  helicopter,  (see  figure  6) 
designated  as  the  Lear  Millimin  Automatic  Control  and  Damper  Heading  Command 
(Lear  MTXACOK  DHC),  was  manufacttired  by  Lear,  Inc.,  for  this  test.  Item 
was  comprised  of  components  in  production  and  designed  to  military  specifica 
tions.  The  system  weighed  approximately  four  pounds.  Two  switches  were 
provided  on  the  cyclic  stick  for  pilot  operation  of  the  system.  Jpou 
sighting  the  target  in  his  sight  the  pilot  would  throw  the  engage  switch 

to  the  ON  position.  This  locked  the  helicopter  on  the  heading  to  the 
target.  By  means  of  the  two-way  rate  trim,  the  pilot  was  able  to  command 
smaUL  heading  changes  to  correct  for  crosswinds  on  the  firing  run  without 
disengaging  the  heading  lock.  This  feature  also  enabled  the  pilot  to  track 
moving  targets  smoothly.  The  two  operating  switches  were  installed  on  the 
pilot's  cyclic  control  stick  (see  figure  5)  so  that  he  could  engage,  operate 
and  disengage  the  heading  control  without  diverting  his  attention  ffom  the 
target. 

5*  (C)  SUMMARY  OF  THE  TESTS,, 

a*  Physical  Characteristics , The  BiX‘-miBSile  SS-U  system 
installed  on  the  H^^-l  wel'^d  pounds  including  missiles,  imposed 
only  a snail  volume  pesmlty  \jpoa  the  helicopter,  and  was  suitable  in 
configuration  with  one  minor  excepbionj  the  signal  generator  and  the 
selection  box  should  be  relocated  to  one  of  the  electrical  compartments. 

Reliability.  The  helicopter-mounted  SS-11  system  was  100- 
percent  roliaSleT’Tio’iailures  or  malfunctions  occurred*  No  component 
required  repair  or  replacement. 

cs  Accuracy.  Ov«rall  accuracy  obtained  was  70  percent  ( 28 
hits  out  of  45  firings) « 

(1)  Of  2^  firings  in  cruising  flight;  were  hits 
(gg  percent). 

(2)  Of  firings  in  hovering  flight,  6 ^ were  hits 
( 75  percent) , 
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(3)  Of  15  firings  from  the  helicopter  operating  on  the 
grrrond,  1T».  were  hits "T  9S-  percent)# 

(4)  Of  1^  firings  utilizing  the  Lear  MHACSpN  DHC  its 
present  configuration,  11  were  hits  (8^  percent) . 

This  sharp  increase  in  accuracy  is  a oiroct  result  of  the  positive  heading 
control  provided  hy  the  MIIACON  DHC. 

d.  Ruggedness.  The  helicopter  was  flown  202  hours  with  the  -11 
system  installed.  Wo  Si-iltiras  or  defects  were  noted  in  any  compo  ent  of 
the  system. 


t3.  Clitiatlc  Effects.  All  components  of  the  system  fmctioned 
properly  after  operation  in  rain  and  dust.  Only  normal  care  and  cleaning 
were  necessary. 

f . Readiness.  It  reg.uired  30  minutes  for  the  pilot  and  gunner 
to  Thipack,  check,  and  load  six  missiles.  It  req.uired  seven  minutes  for 
an  experienced  four-man  ground-loading  crew  to  load  six  prepared  missiles. 

g.  Helicopter  Missile  load.  The  HU-1  hell  opter  can  carry  a 
full  load  of  fuiei,  pilot  and  groner,  the  S3 -11  system  complete  with  six 
missiles,  and  1267  pounds  of  cargo.  This  additional  cargo  capahility 
permits  carrying  six  SS-ll*s  in  shipping  crates. 

h.  Minimum  and  Maximum  Feasible  Ranges. 

(1)  The  minimum  feasible  rang^  was  the  same  as  that  for  the 
ground  systems;  however,  tr-e  mohility  of  the  airborne  system  enables  the 
crew  to  fire  at  the  most  desirable  ranges. 

(2)  The  maximum  feasible  range  was  3000  meters,  the  maximum 
range  of  the  system.  The  helicopter  fligh*;  speed  and  altitude  had  no 
apparent  effect  on  the  rang  of  the  mifslte. 

1,  Maintenance  nd  PrefHght  Requirements.  The  helicopter  crew 
chief  could  perform  organizatior^  5aint«Mnce  an’d  pre-firing  checks  of 
the  system  after  approximately  ei^t  hours  of  instruction.  The  pre- 
fliring  system  circuit  check  was  similar  to  hat  performed  on  the  ground 
vehicle  systems  and  req,uired  approximately  15  minutes. 

Safety.  Safety  pr -visions  of  the  system  as  installed  were 
ado  imte  with  one  exception:  the  mlBsi  es  could  not  be  (jettlsunod  manually 
in  the  event  of  an  electrical  power  failure.  No  incidents  occurred  which 
created  a hazard  to  tho  crew  or  to  tho  safe  operation  of  the  helicopter. 
Ballast  had  to  be  added  to  the  tail  of  the  helicopter  to  maintain  the 
center  of  gravity  if  the  helicopter  was  to  be  flown  at  airspeeds  above  8o 
knots. 
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k.  SiiltaTaillty  of  the  Hlf"!  Helicopter « Thd  HU~1  equipped  vith 
an  automatic  iieading  control  yuB  a suitable  -roiiicle  from  wMcli  to  fire 
and  guide  the  SS«Uo  The  gtamer's  field  of  vision  was  good,  and  wind- 
shield distortion  was  not  apparent.  The  missile  system  did  not  materially 
restrict  the  utility  of  the  helicopter.  Its  configuration  permitted  firing 
in  forward  fll^t,  at  a hover  or  on  the  ground.  An  HU-1  on  the  alert  line 
can  he  one  mile  away  in  lass  than  60  seconds  after  the  pilot  engages  the 
starter.  It  had  a low  noise  level  and  a low  silhouette.  The  ease  of 
operation  allows  the  pilot  to  devote  maximum  attention  to  the  tactical 
situation, 

6.  (C)  DlSCUSSIpy. 

Sighting  Devices. 

(1)  A sight  was  not  provided  aa  part  of  the  helicopter- 
mounted  SS-U  system.  The  French  have  not  yet  developed  a sultahle 
sight  for  use  in  the  helicopter  and,  consequently,  are  tmahle  to  take 
advantage  of  the  full  range  of  the  SS-U  when  firing  it  from  the  air. 
Optical  magnification  is  necessary  for  the  guaher  to  guide  the  missile 
to  tank-size  targets  at  ranges  heyond  1000  meters.  Obstacles  to  pro- 
viding suitable  optical  magnification  for  heUcopter-home  sights  have 
been  the  vibrations  and  the  iQStablU.ty  inherent  in  aU  helicopters. 

(2)  During  the  engineering  test  of  the  helicopter-mounted 

SS-U  systems  at  Redstone  Arsenal,  a wide  variety  of  devices  was  tested 
in  the  search  for  a means  of  providing  optical  magnification  to  aid  the 
gunner  in  guiding  the  missile  to  the  target.  Items  tested  Included 
hclmet-nounted  binoculars  and  monocular,  gyro-stablllzed  binoculars, 
chest-mounted  blnocxilars  with  gyro  stablUzation,  low-power  binoculars 
worn  like  eyeglasses,  a French  tank  in  a variety  of  mounts,  and  a 

prototype  sight  developed  for  the  P-6I  night  fighter, 

(a)  Only  the  P-6I  sight  proved  suitable  for  use  in 
the  helicopter.  This  sight  wn,s  developed  at  the  Uhlversity  of  Rochester 
for  the  P-61  "Black  Widow"  nlgdit  filter.  It  is  not  known  If  the  sijdit 
was  placed  in  operational  use.  Mounts  for  the  sl^t  were  fabricated  by 
Board  personnel  after  muy  trlal-emd-error  experiments.  This  sight 
provided  the  hellcoptcr-bome  SS-U  gunner  a stable,  magnified  target 
image  and  a means  of  guiding  the  missile  to  tank-size  targets  at  the 
maximum  range  of  the  system.  The  sl£d^t  is  rugged,  reliable,  simple 

to  manipulate,  and  has  no  moving  pasrts  except  for  the  rubber  diaphragms 
in  the  two  dampers. 

(b)  With  sooe  engineering  research  and  design  this 
basic  sl^t  could  possibly  be  improved  to  eliminate  aU  of  the  helicopter 
vibrations  from  the  gunner's  si£^t,  *.c  Increase  the  field  of  view,  and 

to  increase  the  magnification.  The  production  vorsion  of  the  sight  should- 
also  be  mounted  frcsm  the  roof  of  the  gunner's  conipaitment  to  allow  out-of- 
the-way  stowage  when  not  in  use  and  to  remove  a potential  hazard. 
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(c)  A maans  of  enabling  the  pilot  to  keep  the  target  in 
the  gunner's  si^t  had  to  he  devised  as  the  gunner  could  not  guide  the 
mssile  and  adjust  the  sigjht  simultaneously.  A standard  Mark  8 aircraft 
gimsi^t  was  installed  for  the  pilot.  The  two  sights  were  aligned  prior 
to  firing.  Thusj  hy  keeping  the  target  in  his  sight,  the  pilot  was  able 
to  keep  the  target  in  the  gunner's  sight. 

b.  Helicopter  Instability. 

(1)  The  ali^test  tendency  of  the  helicopter  to  yaw,  pitch, 
or  x’oll  caused  movement  of  the  target  in  the  gunner's  sight  and  UBiJially 
resulted  in  a target  miss.  This  problem  became  acute  in  turbulent  and 
gusty  air.  Simulated  firing  runs  revealed  that  the  pilot  could  maintain 
the  desired  pitch  and  roll  attitude  but  could  not  maintain  yaw  (heading) 
control  as  accurately  as  necessaryj  fli^t  in  turbulent  air  caxised  the 
helicopter  to  yaw  to  the  point  where  the  target  would  pass  out  of  the 
field  of  view  of  the  gunner's  si^t.  A positive  means  of  maintaining 
aircraft  heading  was  necessary  to  eliminate  misses  caused  by  yaw  movements 
of  the  helicopter. 

(2)  In  mid-March  i960  the  Aviation  Board  contacted  Lear,  Inc., 
Santa  Monica,  California,  and  requested  the  loan  pf  a Lear  Super  ABCON 
(automatic  rudder  control),  an  item  evaluated  by  the  Board  in  I958.  A 
Super  ARGON  was  not  available  but  the  Astrooics  Division  of  Lear,  Inc., 
offered  to  fabricate  a heading  control  system  at  no  cost  to  the  government. 
On  4 April  i960,  a representative  of  the  Astronios  Division  arrived  at 
Fort  Rucker  with  the  eiiulpaent  and  installed  it  in  the  HU-1  helicopter 
equipped  with  the  SS-11  system. 

(3)  Testing  with  the  heading  control  system  (Lear  MIIACON  DHC) 
began  with  service-test  firing  number  11  (see  chart  in  appendix  C).  Initial 
test  firings  uti3.1zing  the  Lear  MIIACON  DHC  indicated  several  modifications 
were  necessary  to  give  the  equipment  more  positive  control.  The  changes 
wore  made  as  testing  continued  and,  by  servlce-teBt  firing  number  25,  the 
equipment  was  functioning  as  desired.  Subsequent  to  firing  number  25,  I7 
mlssiJjes  were  fired  of  which  1^  were  hits,  resulting  in  an  accuracy 
figure  of  percent.  This  Ei^i  percentage  of  hits  was  a direct  result 

of  the  positive  heading  control  provided  by  the  Lear  MIIACON  KSCi 

Co  SS-11  Kit  for  the  HU-1.  The  SS-11  system  as  installed  on  the 
HU-1  covild  be  readily  adapted~as~a^'kit''  installatloa. 

(1)  The  adoption  of  the  SS-11  system  in  kit  form  would  offer 
these  advantages? 


(a)  All  HU-1  series  helicopters  could  be  readily  fitted 
with  the  SS-11  system  in  the  field. 
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(ij)  The  coacaaader  voiiLd  have  the  option  of  vaiTlng  the 
ruOTher  of  SS-11  equipped  HU-1  serieo  helicopters  to  fit  each  situation . 


on  other  aircraft, 

(c) 

SS-11  equipment  on  grounded  aircraft  could  he  used 

(2) 

helicopter  are; 

Items  which  would  he  permanently  Installed  on  the 

(a) 

Internal  cables  and  wires o 

(h) 

Hard  points  for  launcher  attachment. 

(c) 

stick;  the  generator, 

Brackets'  -to  accept  the  two  si^ts,  the  control 
the  selection  box,  and  the  control  hex. 

(3) 

Components  of  the  "kit”  would  he; 

(a) 

launchers  and  support  hooms 

0>) 

Two  sl£d^ts 

(c) 

Control  stick 

(a) 

Control  hox 

(«) 

Genemtor 

(f) 

Selection  hox 

(g) 

Automatic  heading  control  (Lear  MHAC0N  DEC}. 

7.  (C)  COHOLUSIONSi 

ao  The  helicopter  equlprpad  with  automatic  heading  control  is  a 
sultahle  vehicle  from  which  to  fire  and  control  the  S3-U  missile* 


ho  The  HU-l(  ) helicopter  is  sultahle  as  a vehicle  for  the  SS-11 
sjnsten  and  so.nounted^i  the  system  will  provide  tactical  comaasders  with 
an  airborne  anti -tank  weapon  which  Is  fast^  rugged^  reliable;  accurate; 
ready;  and  easily  operated  hy  a two-man  crew. 

c*  Accuracy  in  the  order  of  percent  can  he  achieved  if  the 
F-61  and  Hark  8 sl^ts  and  the-Xaar  HIXACON  DHC  are  Incorporated  as 
essential  components  of  the  SS-ll  system. 

do  Discrepancies  and  shortcomings  listed  in  appendix  B should 
he  corrected. 
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8.  (C)  KECOMMEHlATIOHlio  It  !■  reconendacl  tbatt 

a*  Subject  to  lacor^xatlon  of  •q.ulpBeat  outlined  in  jaragrafti 
7c  and  correction  of  disor«i|Mncies  outlined  in  aictlon  appendix  B; 
the  lxellcopter»nouL«ed  SS-U.  antltink  guided  ■leslle  syeteai  be  type 
classified  Standard  A«  (!Chj[.8  vlU  replace  no  existing  eq,uli»ent.} 

b.  The  HU-l(  ) helicopter  be  utlUaed  for  aovntlng  the  SS-U 
system*  ^ 

I 

c.  The  SS-U  ATOM  system  be  adopted  for  helicopters  In  hit  form. 


I iiQ  ■■^1 


JACK  L.  MlifilKEIia: 


Colonel;  Artillery 
President 


wmur 
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AHENDIX  A 
Details  of  Test 


1.  (C)  Teat  No.  1 » Hiyslcal  Characteristics. 

a«  The  SS-11  systea  as  installed  on  the  HU-1  helicopter  aotmted 
three  launchers  horizontally  on  each  side  of  the  fu  ’^lage  near  the  tenter 
of  gravity  of  the  aircraft « The  gmaer’s  controls  we"^e  installed  in  the 
copilot’s  side  of  the  cockpit  without  removing  the  copilot's  flight  controls. 

ho  The  SS-U  system  installed  on  the  EU-1  helicopter^  including 
six  missiles^  weighed  727  pounds*  The  installed  system  imposed  a small 
volume  penalty  upon  the  HU-1  helicopter  since  most  of  the  co(  .ponents  were 
mounted, externally o Only  the  cotitrol  stick,  the  control  hox,  the  T9C 
generator,  the  selection  hox,  and  the  guar's  and  pilot's  sights  were 
Installed  internally  (see  figure  7)«  futtxre  installations  the  selec- 
tion hox  and  the  T9C  generator  should  he  installed  in  ono  of  the  radio  or 
electrical  compartments,  since  they  are  not  manipulated  in  flight.)  The 
installation  of  the  system  did  not  impair  the  ability  of  the  helicopter 
to  perform  any  of  its  normal  mleslons, 

c«  With  outboard  missiles  in  place,  the  installation  extended 
4 feet  10  inches  from  the  sides  of  the  fuselage,  and  vea  easily  stowed 
vertically  by  removlhg  four  bolte.  With  missiles  installed  on  the 
launchers,  minimum  ground  clearance  was  one  foot  six  Inches.  inboard 
missiles  (numbers  ^ and  6)  cleared  the  fuselage  by  Inches. 

1.  The  launcher  booms  were  adjustable  through  the  range  of  0 to 
10  degrees  elevation  in  relation  to  the  longitudinal  axis  of  the  helicopter. 
Ordnance  eng'*’)dar  testing  determined  that  nine  degrees'  elevatlv'i'A  ms 
suitable  for  firing  wlwn  the  helicopter  was  on  the  ground,  hovering  at  any 
altitude,  or  cruising  at  any  altitude.  Ho  missiles  were  grounded  becatise 
of  low  laxwches,  and  no  control  wires  were  cut  by  the  rotor. 

e.  Each  launcher  was  individually  wired  to  the  selection  box 
and  an  inoperative  launcher  did  not  preclude  utilization  of  the  other 
launchetrs. 

2o  (C)  Test  No.  2 - Reliability.  The  helicopter-mounted  SS-11 
system  was  100 -percent'  reliable'  tlhroui^out  the  test.  All  of  the  components 
functioned  properly  throughout  the  test  without  repair  or  replaeeaant. 

One  missile  received  for  the  test  was  not  fired  because  a test  performed 
by  Nord  Aviation  representatives  indicated  that  it  was  probably  defective. 
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3<>  (C)  Teat  No.  3 " Acdamoy*  40  aissiXes  were  fired  from  the  HU-1 
helicopter  at  stationary  t^gets'  «i,t  rangeB  from  800  to  30U^  asters , from 
fii^t  altitudes  of  0 to  500  feat,  at  airspeeds  froa  to  7?  knots. 

Moving  targets  were  not  avaidahle*  Missiles  were  fired  while  the  helicopter 
was  operated  in  hree  general  fli^t  regimes,  i.e«,  in  cruising  flight  at 
various  altitude'  and  airspeeis,  la  hovering  flight  at  various  altitudes, 
and  on  the  ground  with  the  engine  and  rotors  t'orniag  at  operating  r.p«*. 

(see  figures  9 » 10  . and  llj*  ®RnlC“type  targets  were  used. 

a.  The  overall  accuracy  obtained  was  70  percent  hits  (28  hits 
out  of  40  firings). 

(l)  The  percentage  of  hits  obtained  from  firings  while  the 
helicopter  was  operated  on  the  ground  was  92  percent  (11  hits  out  of  12 
firings). 


(2)  The  percentage  of  hits  obtained  from  firings  while  the 
helicopter  was  operated  at  a hover  was  75  percent  ( 6 hits  out  of  8 
firings) . 


(3)  The  percentage  of  hits  obtalndd  from  firings  while  the 
helicopter  was  operated  in  cruising  flight  was  53  percent  ( 11  hits  out 
of  20  firings) . 

b.  Two  firings  were  dlaq.ualifled  froa  accuracy  conputatioas. 

Firing  umber  4 (see  chart  in  appendix  c)  was  disq.ualifled  because  the 
missile  struck  a. sapling  stump  and  crashed  short  of  the  target.  This 
firing  was  conducted  in  aodorate  zaia  and  the  stump  was  not  visible  to 
the  gunner  because  of  the  range  and  the  rain.  Tha  missile  was  well  sta- 
bilized on  the  target  for  4 or  5 seconds  prior  to  impact  with  the  stump. 

One  mlnvcte  before  this  firing  the  same  gunner  got  a good  hit  on  the  same 
target  under  the  same  conditions.  Firing  number  24  was  disqualified  because 
T.he  gunner  did  not  connect  the  control  stick  cable  and  the  missile  fli^t 
was  xincontroUed.  Detailed  information  on  all  firings  is  presented  in 
appendix  C . 


c.  The  considerable  improvement  in  accuracy  which  resulted  when 
the  Lear  MIIACON  DSC  was  utilized  in  its  present  configuration  should  be 
noted.  The  overall  percentage  of  Mts  obtained  from  firings  In  flight, 
using  the  Lear  MIIACON  DEC  in  its  present  configuration  (see  paragraph 
a ) was  85  percent  ( 11  hits  out  of  15  tarings). 

(c)  Test  No.  4 ~ Hwgedness.  The  HU-1  helicopter  with  the  SS-11 
system  iiistalTed  ^2  nburs.  All  flints  were  made  with  all 

control  components  of  the  SS-11  system  installed;  the  majority  of  the 
fll^ls  were  conducted  with  a full  missile  load.  The  helicopter  was  op- 
erated at  maximum  gross  wei^t  approximately  75  percent  of  the  test  period. 
The  helicopter  was  flown  throu^  all  maneuvers  considered  normal  for  its 
type.  These  included  autorotations,  running  landings,  rapid  decelerations, 
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steep  ttxrns  and  in  modemte  turbulence . Missiles  were  installed 

on  tbe  launchers  in  the  "Ready-to-Hre"  condition  and  flown  for  periods 
ranging  from  1 to  6 hours  prio’*  to  firing  with  no  apparent  effects.  No 
replacement  or  repair  was  req.td.red  hy  any  system  component^  and  no  failures 
or  defects  were  noted  in  the  launchar  booms,  supports,  braces  or  other 
hardware. 

5.  (C)  Test  Noo  5 - Glimti.e  Effects.  The  helicopter  eq.ulpped  with 

the  SS-11  system  was  operated  in ' t^  vicinity  of  Fort  Rucker,  Alabama, 
Redstone  Arsenal,  Alabam,  Fort  Khox,  Keatucky,  and  Fort  Banning,  Georgia, 
during  the  period  1 November  1959  27  May  1960*  The  helicopter  was 

parked  outdoors  the  entire  test  period  except  for  brief  periods  when  it 
was  hangared  for  maintenance  which  req.uJ.red  shop  facilities. 

a.  The  helicopter  was  flown  throu^  li^t  to  moderate  rain  with 
missiles  loaded  in  the  "Ready"  condition  prior  to  firing.  The  missiles 
functioned  properly  with  no  adverse  effects  from  the  rain.  The  rain  which 
accumulated  on  the  windshield  did  not  restrict  the  gunner’s  use  of  the 
P-61  si^t.  The  gunner’s  side  of  the  cockpit  (copilot’s  side)  was  not 
eq.uipped  with  a windshield  wiper. 

b.  Freq.uently  during  the  test  the  helicopter  was  operated  in  areas 
where  sand  and  dust  clouds  wei?e  easily  generated  by  the  rotor  wash  and  the 
wind.  The  SS-11  system,  including. missiles,  functioned  properly  during 
exposure  to  this  type  of  contamination.  Only  aoiml  care  and  cleaning 
practices  were  req,uired  to  mlntaia  the  system  under  all  conditions  encoun- 
tered during  the  test  period. 

6.  (.0)  Test  No.  6 - Readiness. 


a.  Two  tests  were  run  to  determine  the  preparations  and  time 
required  to  load  the  full  complement  (six)  of  missiles  aboard  the  helicopter 
in  the  "Ready-to-Fire"  condition. 

(1)  la  one  test,  the  helicopter  was  landed  at  aa  aimsunition 
point  where  a ground  loading  crew  and  mlssilee  ready  for  loading  were 
available.  The  ground  loading  crew  consisted  of  four  men,  two  men  to  load 
each  side  of  the  heUcopter.  The  ndsBiles  were  assembled  and  checked  prior 
to  the  arrival  of  the  helicopter.  Seven  minutes  were  required  for  the 
loading  crew  to  load  the  six  missileB  aboard  the  helicopter  In  the  "Ready- 
to-Fire"  condition. 

(2)  In  the  second  test,  the  helicopter  was  landed  at  an 
annunltlon  "cache"  where  the  BtLsslles  were  stored  in  their  shipping  crates 
and  ground  personnel  were  not  available  to  assist  the  helicopter  crew. 

The  helicopter  pilot  and  the  gunner  performed  the  entire  operation.  This 
consisted  of  removing  the  missile  components  from  the  shipping  crates, 
checking  and  Installing  the  three  dry  cell  batteries,  fixing  the  warhead 
to  the  missile  body,  checking  the  Jetavators  (control  spoilers  at  the 

12 


sustainer  motor  exhaust  port;)  for  proper  operation^  and  loading  the  missiles 
on  the  launchers,.  It  required  30  minutes  for  the  helicopter  crew  to  land, 
perform  this  operation,  and  take  off » 

h.  The  HU-1  helicopter  possesses  excellent  readiness  characteris- 
tics* An  HU-1  on  the  alert  line  can  he  one  mile  away  at  500  feet  altitude 
in  less  than  60  seconds  after  the  pilot  engages  the  starter*  Further,  this 
"scramble”  takeoff  is  accomplished  without  exceeding  any  of  the  operational, 
limitations  imposed  upon  the  helicopter*  This  type  of  readiness  materially 
enhances  the  suitability  of  the  HU-1  helicopter  as  a platform  for  the  SS-11 
system. 

7*  (0)  Test  Ho.  7 “ Helicopter  Missile  Load* 

a.  The  HU-1  helicopter  with  the  complete  SS-11  system  still 
retained  considerable  load-carrying  capability,  T^ist  wei^t  figures  ware: 


HU-IA  Helicopter 


Maximum  gross  wel^t 

7200  lb. 

Helicopter  empty  weight 

3975  lb. 

SS-11  system  (less  missiles) 

365 

Six  SS-U  missiles 

378 

Fuel  (full  load) 

825 

Crew  (pilot  and  gunner) 

I4OO 

Ballast  (may  be  eliminated  in 
production  version) 

Total  .000 

50 

Total  subtracted  from  moxiimam  gross  weight  . 

oeooo»<$o 

Load  capability  remaining  , 

6o«o*moo 

1207  lb. 

HU-IB  Helicopter 

These  figures  are  based  on  information  available  on  the  HU-lB  and  not 
on  actual  tests. 

Maximum  gross  weight 

8500  lb. 

Helicopter  empty  wel^t 

MlOO  lb. 

SS-11  system  (leos  missiles) 

365 
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HU-IB  Helicopter  Chart  (Con'^lntied) 


Six  SS“>11  missiles  378  l'b» 

Fuel  (full  load)  936 

Crev  (pilot  and  gunner)  400 

Total  ...00.  / W9  llJ. 


Total  subtracted  from  maximum  gross  weij^it  o <*•.<>  « 
Load  capability  remaining  o « >o  . 


6479  lb. 
2021  lb. 


bo  These  figures  show  that,  wei^twise,  the  HU-IA  Helicopter,  and 
the  HU-IB  Helicopter  when  it  becones  available,  possess  the  capability  of 
cacrrylng  missiles  in  addition  to  the  six  carried  on  the  launchers.  If  the 
missiles  are  transported  in  the  shipping  crates,  six  can  be  carried  in  the 
cargo  compartment  of  the  HtT**lA.«  This  load  will  reqidre  that  ballast  be 
placed  in  the  helicopter  tail  boom  to  n»intain  the  center  of  gravity  within 
limits . 


8.  (c)  Test  Noo  8 " Minimum  and  Maximum  FSasl))!^  j^ges»  During 

the  test,  trisailas"  were"  'riLired’  at  ‘l^gets  at  a ran]^'  of^  '8ck)  meters  to 
3000  meters. 


Se  Minimum  Range.  It  ms  determined  that  the  same  factors  did 
not  apply  when  determining  the  minimum  range  of  the  helicopter-mounted 
SS-U  system  as  those  for  the  ground  and  other  vehicle  systems.-  The 
unique  mobility  of  the  HH-1  helicopter  enabled  the  crew  to  fire  the  missile 
at  the  most  desirable  range  without  encountering  the  problems  which  may 
confront  a ground  system  crew.  Further,  since  the  vulnerability  of  the 
helicopter  increases  as  range  decreases,  the  helicopter  should  avoid 
attacking  targets  at  ranges  less  than  1000  meters.  Should  it  ever  be 
necessary  for  the  heli.copter  to  attack  a target  closa  in,  tb«  best  minimum 
range  applicable  to  the  ground  systems  would  apply  since  the  gunner  was 
never  offset  from  the  missile  and  the  missile  coidd  always  be  launched 
directly  at  the  target. 


b.  Maximum  ^nge.  The  maximum  feasible  range  for  the  helicopter 
system  utilizing  the  ¥«6l  si^t  was  3000  meters.  The  fligpit  speed  rr  the 
altitude  of  the  helicopter  had  no  apparent  effect  on  the  range  of  the 
missile. 

9,  (c)  Test  No.  9 * Maintenance  and  Prefll^t  Service  Requirements. 

Organizational,  maintenance  and'  profll^t  servicing  of  the  system  was  performed 
by  the  helicopter  crew  chief  and  the  pilot -gunners.  The  crew  chief  was  not 
school  trained  to  maintain  the  system  but  received  instruction  and  assis- 
tance from  the  Hord  Aviation  tecbnlcal  representatives  during  the  test. 

The  helicopter  crew  chief  could,  perform  orge^aizational  maintenance  and 
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daily  pre-firing  tests  of  tiie  system  after  appi’oximately  ei^t  hours  of 
instruction,  ihe  system  required  no  rejairs  during  the  test.  The  crew 
chief  inspected  the  system  each  day  as  part  of  the  normal  prefli^t  in- 
spection of  the  helicopter.  The  pre-firing  test  of  the  system  circuits; 
which  required  15  minutes,  ms  similar  to  that  performed  on  the  ground 
vehicle  systems  with  the  addition  of  a check  of  the  emergency  jettison 
system.  A defective  signal  generator,  control  "box,  control  stick,  or 
selection  "box  should  he  replaced  and  reiaired  at  a hi^xer  echelon 
maintenance  facility. 

10*  (C)  Test  Koo  10  - Safety. 

a.  Safety  features  provided  were  good.  The  ndasile  motors 
could  not  he  Ignited  and  the  warhead  could  not  he  ewmed  unless  the  missile 
was  free  to  lea*  the  launcher.  A micro -switch  on  the  launcher  had  to  he 
activated  hy  the  «dsaile  locking  lever  going  to  the  full  unlocked  position 
before  the  motors  could  ignite  (see  figure  8).  If  a missile  had  maUhinc- 
tioned  on  the  launcher  during  firing,  it  could  have  been  jettisoned  hy 
pressing  the  "Individual"  Jettison  switch  on  the  control  box.  This  would 
have  jettisoned  the  launcher  and  missile  selected  on  the  rotary  selection 
switch.  All  launchers  and  missiles  could  he  jettisoned  from  the  helicopter 
hy  pressing  the  "Total"  jettison  switch  to  he  located  convenient  to  the 
pilot.  In  the  HU-1  this  switch  was  located  on  the  pedestal  to  the  pilot’s 
left,  near  the  Mark  8 gunsight  control  (see  figure  3)»  jettison 

system  provided  was  electrical  and  the  missiles  could  not  he  jettisoned 
manually  in  the  case  of  a power  failure. 

ho  Safety  procedures  outlined  in  the  Nord  Aviation  manual  on  the 
air-to-sxtrface  version  of  the  SS-*H  system  were  adequate.  No  incidents 
occtirred  which  created  a hazard  to  the  crew  or  to  the  safe  operation  of 
the  helicopter. 

(c)  lest  No.  H - Suitability  of  the  HU-1  Helicopter.  The  HU-1 
Helicopter  equipped  ^th'  aut'omt'ic  heading  control  proved  to  he  a suit- 
able vehicle  from  which  to  fire  and  groide  the  SS-11  missile.  No  fli^t 
regime  of  the  helicopter  adversely  j^ffectad  the  proper  functioning  of 
any  component  of  the  missile  syateza.  Conversely,  firing  the  missile 
did  not  affect  the  operation  of  the  helicopter.  The  gunner’s  field  of 
vision  from  the  helicopter  was  good.  Windshield  distortion  was  not 
apparent,  even  when  using  the  eight-pftwer  P°6l  si^t.  The  HU-1  heli- 
copter has  these  advantages  as  a vehicle  for  the  SS-11  system. 

a.  The  six-'inissile  SS-11  system  did  not  Umlt  the  utility 
of  the  HU-1  except  for  the  wei^t  penalty.  The  HU-1  carried  the  complete 
six-missile  SS-11  system,  pilot  and  gunner,  and  a full  load  of  fuel, 
retaining  load  capahllity  of  1207  pounds  and  an  unrestrioted  cargo  com- 
partment to  carry  it  in. 
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"b,  Tlie  HU"-!  conUfforaticn  perajltted  the  firing  of  the  missiles 
while  the  helicopter  was  operated  in  forward  flight,  at  a hover,  or  on 
the  ground  (see  figures  9,  10,  and  11) « No  missiles  were  grounded  because 
of  low  launch,  and  no  control  wires  were  severed  hy  the  rotor.  All 
launchers  were  set  at  the  same  elevation,  nine  degrees  up. 

c.  The  HtJ-1  readiness  characteristics  are  excellent.  An  HU-1 
on  the  alert  line  can  he  airborne  and  a mile  away  in  less  than  60  seconds 
after  the  pilot  engages  the  starter  (see  paragraph  6b). 

d.  The  HU-1  has  a lew  noise  level  and  a low  silhouette. 

e.  HU-1  features  such  as  abundant  power,  automatic  r.p.m.  and 
power  control,  a good  fli^t  control  trim  system,  and  overall  ease  of 
operation  allow  the  pilot  to  devote  maximum  attention  to  the  tactical 
situation.  Thi.s  is  especially  important  since  the  method  of  employment 
devised  during  this  test  requires  that  the  pilot  keep  the  target  in  the 
gunner*  s binocular  sight  by  maintaining  a precise  f li^t  attitude  on  the 
target  heading. 
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APEENDIX  B 
FJDTOINGS 
Section  I 


This  section  contains  cUscrspancies  requiring  elimination  in  order  to 
mke  the  item  acceptahle  for  use  on  a minimum  'basis« 


Discrepancy 

1.  No  si^ta  vere  provided  with 
the  heHcopter«>mount9d  systeoB. 


2.  Yawing  aoveaents  of  tha  hen- 
copter  caused  the  gunner  to  lose 
the  target  and  missile  in  the 
si^t  and  miss  the  targets 

3«  The  mottnting  for  the  P-6l 
si^t  and  missile  control  stick 
fahricated  at  the  Aviation  Board 
ms  satisfactory  functionally  hut 
was  cumheraome  and  a potential 
hazard  to  the  gunner  if  a crash 
occurred. 


ho  There  were  no  provisions  for 
manual  Jettisoning  of  the  aisBilss 
in  the  event  that  the  electrical 
Jettison  system  failed. 


Suggested  Corrective  Action 

Adopt  the  P-6l  sight  evaluated 
during  this  test  for  the  hell- 
copter-mounted  system.  Adopt 
the  standard  Mark  8 gunsl^t  for 
use  by  the  pilot. 

Adopt  the  Lear  MTIACON  DHC^  evalu- 
ated during  this  test^  as  a neces- 
sary coniponent  of  the  helicopter- 
mounted  SS-11  systejtto 

Mount  tha  P-6l  sight  overhead  in 
the  HTJ-1  installation  in  such  a 
aanner  that  it  can  he  telescoped 
down  hefore  the  gunner  for  firing 
and  s’/OfWed  when  not  in  use.  The 
mounting  should  he  adjustable  in 
the  three  axes  and  should  provide 
vibration  damping  adequate  to 
eltmin3,te  or  substantially  reduce 
the  effects  of  helicopter  vibra- 
tions. Mount  the  missile  control 
stick  on  a small  support  which 
could  be  quickly  inserted  in  a 
bracket  on  the  front  of  the 
gunner's  seat  for  firing  and 
stowed  near  the  gunner  when  not 
in  use. 

Provide  for  manual  Jettisoning 
of  the  missiles  and  launchers. 
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Section  n 


This  section  contains  shcrfcc£3asin®s  vhich  are  desired  to  he  corrected 
as  practicable,  concurrent  with,  elimination  of  discrepancies  in  Section  I9 
or  in  production  engineering  or  by  product  improvement » 

Shortcomings  Suggested  Corrective  Action 


1»  The  P-61  sijdit  hod  a narr*\r 
field  of  view,  characteristic; 
of  binocular-type  sights  <, 

2«  The  signal  generator  and  the 
selection  box  were  installed  in 
the  cabin  just  aft  of  the  podestal 
between  the  two  pilots o IhesQ 
two  items  were  not  manipulatad  by 
the  gunner  and  should  have  been 
installed  out  of  the  way« 

3«  The  test  installation  was 
forward  of  the  helicopter  center 
of  gravity  requiring  ballast 
in  the  helicopter  tail  boom 
to  maintain  the  center  of  gravity 
within  acceptable  limits  0 


Increase  the  field  of  view  and  the 
power  of  the  optics. 


Insta,ll  the  signal  generator  and 
the  selection  box  in  one  of  the 
aft  electrical-  or  accessory 
compartments. 


Install  the  SS-U  system  at  the 
helicopter  center  of  gravity. 


18 


^-€0NFMHAIr 


APEBHP3X  0 

rSOTOGRAJEHS  AjID  CHARTS 


19 


Figure  1.  HU»1  helioopter  vith  the 

SS-U  ATOM  syetea  Installed 


20 


■TtJR-OFTOITUr^ 


MICRO  SWITCH 


f ©Ition  aaa  ^evgata  ac 

aoes  not 


Figure  ll. 


SS-U  firing  fro©  HU-1  Halicopter 
operating  on  the  ttround 


OF  SERVICE  TEST 


s,tT-SS 


•ou/jc9amo  I 3 


+>  o « -P 

t§ 

s^iamea  iq  0*3 

<rt  -P 

5 o p "Si 


§ I' 


Sp!, 


p ,g 

^ b 'sJ 


n . w 

m H 
w H P 


sq-inflaa  5 


pwt{a«A  I 

s(Kji  jO 


(0jo:V8K)  o 
98a«a  § 

q.93jc«Ji  w 


q.99j«j;  * 

3 3-?^ 

S ^ n 


K4  ^."1 

a,5o  a5w  a5m 


jaqjiiooTtaH 


j:atiq.B9A 


fit 

S if\ 
M H H 
(u  o e 


■§•518 


m ^ 8 

8 ••»  Q 

III 


^5 
■g  lo 
1 

^ 7l  '8  ^ 


jiaqimn  | h 

Saptia  I 


Clear;  30/45  M-4  tank  2100  125  mm.  Hit  P-6l  si^t  used.  Meyer/32 


lOfirmfeHii/ur 


^Xsnopi.9aa 

P3JT.a  s,TI>-ss 

"ON/jaattno 


B^j:ra9n 


sq-tneoa 


p«9qj9tt 

(0j9q.9w) 

99a‘sa 

q.99jrea 


q.38XBJi 


(»^xAi)  P3»is 
~jcTV/9pnc|.pq.xv 
J9^00PX3H 


JC9qq.99tt 


jcaqtmn 

aaTJ.Ta 


I ■iw.y 


CO 


i"».t  II 


ON 


, 3 a 


— 32 

^ONmBr- 


a 


- j .*  _ ' , ^ I. 


>CXsno-pL3ja[ 

s.TC-SS 

• Ojti/jtsauno 


S3IJOT3H 


8q.xTisaa 


paaqxBW 

sdWj; 

(saa'j.qw:) 

aStraa: 


q-aga^o. 


(s^x/q-i)  p93cCs 
"J^TV/spnq-Tq-TV 
joqdoo-pxan 


jcatiq-aatt 


aacpajj 

guTJTM 


-«lDERTHr 


o 

uv 

(A 

m 

1 

?T 

f\ 

A 

ir\ 

fO 

VO 

on 

n 

g 

s 

W 

H 

H 

s 

5 

£ 

« *H 
•P  to 

"Sh 

<H  P4 

»rf  rfj 
O 0) 


■p 


•>  <H  (>  •rl 
•P  JH  0}  O 03 

■So  03  ^ H 
»d  VO 

P <1!  5 «' 

<P  H O H Ph 
*H  O •H 
*d  03  0>  03  ’C) 
O 03  03  03  43 

5 S u\'i  !§ 


Clear,  gusty  lOO/TO  M-1^8  tank,  2000  Inert  Mss  No  si^t  \ised.  Carroll/52 

tailwind  l6-  stationary  Missile  hit  short. 


^■[sno-pA.ej<l 
psail  s.te-SS 
• oh/jcsutoio 


ssijrait^a 


fO 

IfN 


s 


rd  0)  q 
0)  CO  d 
m « -P 

+>  p 

■a^  s 

•H  *H 
CO  m -p 

m a 
o !d  P 

fe  s 


00 

oo 

IS 


S.i5 

H O ^ 

CM  H O 

tJ  ^ 
tt)  fd 

a 9 5! 
S3  Oj  ft 


+>  y 

-as 

*H 

a S 
O 

d y 

VO  <1 


>d  . 
(0  Id 

a 9 

ft  a) 


2^ 

cn 

'Jr 


<d 

a *2 

ft  fl 


“»o 

■a^ 

o 


CQ 

VJ 


-4* 

IfN 

o 

5 


I 

a 

o 

o 

fl 

•d 

0) 

d 


lA 

lA 

O 

5 


M m 

.si 

m ■9 

H ’a^5 

m 

O d S 

-P  ta  o 
u u>  o 


>d 


^ >d 


'A 

O .H  ,* 

Od  Q 


ft  a 


"3S 


VD 

IfN 

S' 

0 

1 


"d 
<u 
a 

S d 5 • S 

Vt  H w O 
.H  ft 

tS  to  +>  .d  < 

o tti  a 

sa4ss 


I, 

Tt 

(0 

ft 

0) 


s^t.i:ns3a 


m 

CO 


to 

to 


Ul 

to 


CO 

(0 


10 

to 


§ 


pisoqxBH 

3(KJ, 


I I 


fl 


a 

H 


lA 


El 


lA 


Ei 


I 

a 

H 


lA 


EH 


t 

H 


(8j;sc^3H) 

33UBa 


01 


m 


o 

§ 


H 

0) 


m 

(B 


ON 


3 

I 


fd 


■9  .9 
oj  o 


lA 

H 


<1{ 


Si 


CO 

Q> 


g bb 

icS  ^ 

« §'S^ 


x|S| 

- H -H  9 

ON  3 oJ  O 


’SI 

•n 

h o 

3 +> 

H q 
o H 


m 

oi 


i i 


lA 


«pTlMr' 


ft 

ft 


o 

ft 

ft  d 
CO  ft 


o 

o 


rt  "i* 

fl  ® 

nrJ  *& 
0 0 

•§  lA 
H 

.dl 

.•>0 

■saa 

rn 

•n 

b 9 

(rt  *P 

§ 

^3 

ft  H 

m 

lA 

OJ 

VD 

01 

Xi3noTA9oa 

paJM  s.TI-SS 
* oH/Jtsaw'O 


BJia'Boaa 


6 w § 
1 

U S 


B^insaa  ^ 


+>  ±i 

^ S S S 


ad^  o 
(sj;acj.3w)  Q 

aSu'sa  S 

^.9901^  ^ 


Pc. 

u*,S  u>3  k'>^  JG'S^ 


8 § i § § 

5!  sd  Ed  5!  5i 


o 

q.39atij,  :|j , 

$ 

w 


R K O j I 

O O ^ ^ *H  * 

n il  II  II  13 


-diTv/spt^wnf 

jo^tjdoopxaH 


•a 

-d  W 

8 

l&s 

ll» 


«|l3 

I^S 


idH.» 


“■St 

5Ss 


It  ol5 


jtsqranii 
9up:Ta  W 


g?  8,  ^ 


_:iO!fflQE!mtt=i 


I 


jCtStlOfABOa 

s,H-SS 

•oM/'ietranD 


03{jranaH 


sq-XnBsa 


ad^ 

(Bjcaq.3K) 

aScTOH 

q.a3jaji 


PssdB 

-JTv/epnq-mv 

jBqjcEoofxeH 


M^vaQ|^ 


jcaqranii 

3n-piTd 


5 


bO 

lll| 


00  -p  n 

SJ 

I ^ c 

"»l3|l 

ta  “S  4J  4a 
'•  oj  -P  oJ 

4^  H 
JIS  Ol 


Q)  ««v 

^ e *n  ••i 
oS  0 0 o 


